INTRODUCTION
Ipomoea quamoclit L. is an indigenous to Tropical America, widely distributed in other tropical regions around the world (Kissmann & Groth, 1999) . In Brazil, I. quamoclit is a frequent weed in most summer annual crops, especially in the Southeast and Northeast regions, providing operation problems in mechanical harvesting due to its climbing growth habit (Lorenzi, 2000) .
In general, weeds have a specific characteristic that allows their eco-physiological adjustment in different environments, known as phenotypic plasticity; at each environment, weed populations can suffer evolving genetic modifications that can be extended to subsequent generations (Pitelli & Pavani, 2004) . For these reasons, weed populations can show different responses to distinct methods of management. Thus, basic studies on the biology of weeds are essential to understand the behavior of weeds growing under different environmental conditions (Bianco et al., 2004a,b) , as a support to weed management.
Considering the importance of I. quamoclit as weed, basic studies are necessary concerning the biology of this species, regarding some aspects such as reproduction, growth, development and mineral nutrition, as well as management systems. These studies are important to obtain substantial information to help manage this weed.
Information on the nutritional requirements of weeds is important to weed science; since nutrient competition is one of the main ecological factors that affect negatively crop productivity (Andreasen et al., 2006; Olykan et al., 2008) . Due to this fact, important works have been already conducted for Senna obtusifolia (Erasmo et al., 2000) , Urena lobata (Souza Filho et al., 2000) , Hyptis suaveolens (Gravena et al., 2002) , Cardiospermum halicacabum (Brighenti et al., 2003) , Richardia brasiliensis competing with Glycine max (Pedrinho Júnior et al., 2004) , Quercus petraea, Fagus sylvatica, Acer pseudoplatanus (Kazda et al. 2004) , Brachiaria decumbens (Bianco et al., 2005) , Euphorbia heterophylla competing with G. max (Bianco et al. (2007) , Brachiaria plantaginea competing with Zea mays and Ipomoea nil (Duarte et al., 2008) .
No information is available in the literature on growth and mineral nutrition of I. quamoclit. However, efforts must be done to study the biology of this important weed which greatly affects sugar cane, soybean and maize harvesting in Brazil.
The objective of this research was to study the dry mass production and macronutrients distribution and accumulation in I. quamoclit plants, growing under standard nutrient conditions. The pots were irrigated three times a day with nutrient solution of Hoagland & Arnon (1950) . AT 35 days after emergence (DAE), the irrigation was performed at a concentration of 25% of this solution; after 35 DAE until the end of the experimental stage, at a concentration of 50%. These concentrations were obtained mixing the original solution with de-ionized water in proportion of 1:3 (25%) and 1:1 (50%).
MATERIALS AND METHODS
The experimental design was completely randomized with four replicates. Treatments were determined by proper evaluation times at 21, 35, 49, 63, 77, 91, 105, 119, 133, 147 and 161 DAE. At each time, plants from the four pots were analyzed, considering each pot as one replicate.
For the evaluations, I. quamoclit plants were collected and partitioned into roots, stems, leaves and reproductive structures (flowers and fruits). These materials were washed according to procedure described by Sarruge & Haag (1974) and dried at 60-70ºC in a forced air convection oven during 96 hours.
Dried materials were weighted to determine the dry mass accumulation, sequentially powdered using a Wiley mill grinder with 20-mesh steel screen and stored in glass pots with silicon lid. Ground samples were submitted to different extraction methods for nutrient rate determination in roots, stems, leaves, and reproductive structures. Nitrogen (N) and phosphorus (P) rates were attained according to the methodologies described by Sarruge &
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Haag (1974) . Potassium (K), calcium (Ca) and magnesium (Mg) rates were determined according to the methodologies described by Jorgensen (1977) , while sulfur (S) rate was reached according to methodology described by Vitti (1989) .
Macronutrient accumulation in the roots, stems, leaves and reproductive structures was calculated by multiplying the nutrient rate in each structure and the correspondent dry mass accumulation. Total accumulation of each macronutrient was calculated by adding the accumulation of the nutrient in the roots, stems, leaves and reproductive structures. The total rate for each macronutrient was achieved in function of the relation between total nutrient accumulation and total dry mass accumulation.
Accumulation of dry mass and macronutrients were submitted to regression analysis in function of the theoretical exponential model y=exp(a+bx+cx 2 ): where y indicates dry mass or macronutrient accumulation and x represents days after emergence. So, points of maximum theoretical dry mass (PMtADM) and macronutrient (PMtAM) accumulation were calculated by the first derivative of the adjusted equation.
RESULTS AND DISCUSSION
Dry mass accumulation for I. quamoclit plants was slow at the beginning of the experimental stage ( Figure 1A ), but reached a theoretical value of 6.46 g per plant at the PMtADM (146 DAE). After this period, there was a reduction of total dry mass accumulation due to plant senescence. Duarte et al. (2008) observed that I. nil accumulated more dry mass at 123 DAE; furthermore, I. quamoclit presented less dry mass accumulation than I. nil, growing under the same conditions. It was ascertained considerable dry mass accumulation from 77 to 133 DAE ( Figure 1A) . During this period, high dry mass increase occurred mainly as a function of accumulation in the stems ( Figure 1B) . I. quamoclit is a climbing plant with long stems (Lorenzi, 2000) , and its life cycle is more prolonged than the agricultural cycle of annual crops, providing substantial harvest problems and indirect yield losses when the weed is not controlled.
Dividing the experimental stage into three parts, the percentage of accumulated dry mass in the leaves was higher than in the other structures in the first part, while stem percentage was greater than in other structures in the third part (Figure 2 ). This trend was also verified for I. nil (Duarte et al., 2008) . This behavior may have occurred due to the growth habit of these species.
The percentage of accumulated dry mass in the roots increased from 21 to 49 DAE, decreasing afterwards (Figure 2 ). This slight increase may have allowed the plant to be able to fix itself on the substrate, increasing the contact with the nutrients, thereby leading to their quick uptake .
The percentage of dry mass accumulation in the stems increased substantially after 49 DAE, decreasing mainly in the leaves ( Figure 2 ). It provided greater percentage of dry mass accumulation in the stems than other structures from 91 to 161 DAE. This can be explained by the climbing growth habit of I. quamoclit, which has stems that grow quickly giving support to the plant to obtain sunlight needed for photosynthesis.
Flowering of I. quamoclit occurred between 119 and 133 DAE. The highest dry mass accumulation in the reproductive structures, 0.28 g per plant, occurred at 161 DAE ( Figure  1B ). The percentage of accumulated dry mass in the reproductive structures was small, but the highest value was 4.35% at 161 DAE (Figure 2 ).
It is important to point out that there was intense decrease in the percentage of accumulated dry mass in the leaves after flowering (Figure 2 ) likely due to the change of the main site of nutrient absorption from the leaves to the reproductive structures. This fact had also been observed in studies with other weeds, according to reports by Bianco et al. (2004b) The sequence of macronutrients with the highest rates in I. quamoclit plants was K, N, Ca, Mg, P and S, respectively (Table 1) . Macronutrients rates oscillated throughout the experimental stage. The highest rate of N was observed at 63 DAE, whereas the P, K, Ca, Mg and S highest rates were verified at 77 DAE. When studying mineral nutrition in broadleaved weeds, Bianco et al. (2004a) , Bianco et al. (2004b ), Pedrinho Júnior et al. (2004 and Bianco et al. (2007) observed that K and N were the macronutrients presenting the highest rates in plants such as R. exaltata, D. tortuosum, R. brasiliensis and E. heterophylla, respectively. Duarte et al. (2008) also reported the highest rates of K and N in I. nil.
The accumulation of macronutrients in I. quamoclit plants was small at the beginning of the experimental stage (Figure 3 A large accumulation of N from 77 to 119 DAE ( Figure 3A ) was verified. There was a real accumulation of 142.65 mg of N per plant at 119 DAE. Nevertheless, a great accumulation of P, K, Ca, Mg and S from 63 to 133 DAE ( Figures 3B, 3C, 3D Growth and mineral nutrition of Ipomoea quamoclit that, on the PMtAM, I. quamoclit accumulated less N, P, K, Ca, Mg, and S than I. nil (Duarte et al., 2008) . Therefore, I. quamoclit was less demanding for macronutrients than I. nil.
The macronutrients that accumulated the most in I. quamoclit plants were those displaying the highest rates. N accumulated more than K. The uptake sequence was N > K > Ca > Mg > P > S. Bianco et al. (2004a ,b), Pedrinho Júnior et al. (2004 and Bianco et al. (2007) observed that N and K accumulated the most in the broadleaved weeds already studied. N and K are also known as the most demanded nutrients for most crops of economic interest (Epstein & Bloom, 2005) . Thus, competition of I. quamoclit plants for macronutrients is an important biotic factor negatively affecting crop growth, development and productivity. Bianco et al. (2004a,b) and Bianco et al. (2007) reported that the period for the greatest competition for nutrients among weeds and most annual crops in Brazil is around 77 DAE; as a result of uptake intensification, which was also observed in this study. During this period, just one I. quamoclit plant accumulated 2.02 g of dry mass, 53.69 mg of N, 7.00 mg of P, 92.92 mg of K, 28.77 mg of Ca, 9.03 mg of Mg and 4.71 mg of S.
Comparing these results with those obtained by Duarte et al. (2008) , it can be stated that I. quamoclit is less competitive for macronutrients than I. nil at 77 DAE, growing under standard nutrient conditions. Therefore: (i) leaves and stems are the main structures accumulating dry mass in the first and second half of the I. quamoclit life cycle, respectively; (ii) N and K are the macronutrients most accumulated by I. quamoclit plants; and (iii) theoretical period of maximum dry mass and macronutrient accumulation by I. quamoclit was between 140 and 149 DAE.
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